The essential oils of C. cyminum, L. stoechas and A. sieberi showed promising antifungal effects against Malassezia strains from patients with Malassezia dermatitis as important fungal pathogens. Hence, these essential oils, especially C. cyminum, could be used to develop an effective therapy against skin infections caused by Malassezia strains.
Introduction
Members of Malassezia genus are the normal mycoflora on human cutaneous surfaces. They colonize the regions containing sebaceous glands like the head, neck and shoulders of humans (1) . The genus of Malassezia has been divided into 14 various species based on the last taxonomic revision (2) . Malassezia species are associated with a wide spectrum of clinical signs, such as Tinea versicolor, Folliculitis and Seborrheic dermatitis. It also causes systemic infections in immune-compromised patients (3) . The conditions that cause Malassezia-related infections in humans are not fully understood but researchers have been able to determine the role of different factors including genetic and environmental factors, imbalance in skin normal biota, immune suppression and profuse sweating as agents for these infections (4) . The antifungal therapies with different drugs, especially azoles, are generally successful in controlling the yeast overgrowth, but treatment failure and rapid recurrences are common (5) . Therefore, considering the limitations of currently available antifungal drugs, the search for natural effective drugs is justified. Iranian plants, such as Lavandula stoechas) (known as Ostokhodos), C. cyminum (known as Ziree) and Artemisia sieberi (known as Dermane) have been used for centuries as herbal remedies by local or regional subjects (6, 7) . Several reports indicated the inhibitory activities of essential oils of the above-mentioned plants against different fungal agents (8) (9) (10) . This study evaluated the antifungal activity of L. stoechas, C. cyminum and A. sieberi essential oils against clinical strains of Malassezia from the skin of patients with Malassezia dermatitis. Disc-based testing Anti-Malassezia susceptibility testing by disc diffusion method was carried out based on the Clinical & Laboratory Standards Institute (CLSI) guidelines (CLSI document M44-A2) and manufacturer's instructions (12) . For disc testing, the modified Dixon's medium was used. The yeast colonies were mixed in 5 mL of sterile distilled water, and the turbidity was adjusted to yield 1 × 10 5 -1 × 10 6 cells/mL (0.5 McFarland standard). Yeast cells were inoculated on the agar surface using a sterile cotton swab. Subsequently, paper discs moistened with undiluted essential oils were placed on the media. In addition, discs containing ketoconazole and fluconazole (10 μg/disc, Master group, England) were placed on the media. The media were incubated at 32°C for 4 days and the zones of inhibition around the discs were measured. Disc moistened with sterile distilled water was considered as control. Each treatment was replicated twice for each sample.
Materials and Methods
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Statistical analysis Two-tailed paired student's t test was used for analyzing the anti-Malassezia activities of the essential oils. A P value less than 0.05 was considered to be statistically significant. Table 2 , all three essential oils had inhibitory activities against different Malassezia strains at first screening. The zone diameters of yeast growth inhibition of the essential oils were between 15 and 50 mm. The highest antifungal activity was associated with the essential oil of C. cyminum (mean ± SD: 50.0 ± 0.0 mm), followed by L. stoechas (mean ± SD: 46.8 ± 3.1 mm) and A. sieberi (mean ± SD: 36.9 ± 5.7 mm). There were no significant differences among the essential oils tested against clinical strains of Malassezia (P > 0.05). A. sieberi essential oil indicated lower anti-Malassezia activity than the others. For 46 clinical strains of Malassezia, the inhibition zone ranges were 12.5-15.6 mm (mean ± SD: 14.4 ± 1.6 mm) for ketoconazole and 11.6-13.3 mm (mean ± SD: 12.4 ± 0.9 mm) for fluconazole. There was no significant difference between the standard antifungal drugs tested against Malassezia strains (P > 0.05).
Results
As shown in
Discussion
The antimicrobial activity of herbal plants has attracted much interest from scientists as a result of the growing problem of drug resistance among pathogenic fungi. For this reason, the current study was done for investigating the importance of herbal essential oils as anti-Malassezia agents. The results showed that the essential oils of L. stoechas, C. cyminum and A. sieberi had inhibitory activities against different Malassezia strains. The zone diameters of growth inhibition of the essential oils ranged from 15 to 50 mm. The highest antifungal activity was associated with the essential oil of C. cyminum (mean ± SD: 50.0 ± 0.0 mm), followed by L. stoechas (mean ± SD: 46.8 ± 3.1 mm) and A. sieberi (mean ± SD: 36.9 ± 5.7 mm). There were no significant differences among the essential oils tested against Malassezia strains. Several publications on antifungal activity of the essential oils against Malassezia species were reported in the literature (4, 13, 14) . Our results are consistent with those found by Naeini et al (15) (22) . In this study, the mean inhibition zones were found to be 14.4 and 12.4 mm for ketoconazole and fluconazole, respectively. No statistically significant difference was observed between the standard antifungal drugs tested against Malassezia strains. In agreement with our observations, Strippoli et al (23) exhibited that ketoconazole was the most active drug against Malassezia strains. According to Miranda et al (24) , these pathogenic yeasts were susceptible to all drugs tested, especially ketoconazole and fluconazole. Fluconazole is an effective antifungal drug for treating Malassezia dermatitis (25) . Our results exhibited that fluconazole has lower activity than another azole. This finding is consistent with that of Velegraki et al (26) , who showed low activity of fluconazole for Malassezia strains. Prophylactic therapies using fluconazole can be led to frequent recurrence of Malassezia infections. Although the antifungal drugs were found to possess good antifungal activity against Malassezia strains, their effects were lower than the activities shown by the essential oils tested. Previous studies exhibited that combination of various components in each essential oil has higher antifungal activity than each component and studies also suggested that the sum of essential oil components can help in potentiating synergistic effect (27, 28) .
Conclusion
In summary, the present study results showed that clinical strains of Malassezia had different susceptibilities to antifungal agents, with M. obtusa being the lowest susceptible of the strains. In addition, we demonstrated that the essential oils of L. stoechas, C. cyminum and A. sieberi had inhibitory activities against clinical strains of Malassezia, being C. cyminum essential oil as the most active herbal oil. These results could be used for the design of new antifungal agents with effective clinical importance.
